The electrical activation of the heart is the biological process that regulates the contraction of the cardiac muscle, allowing it to pump blood to the whole body. In physiological conditions, the pacemaker cells of the sinoatrial node generate an action potential (a sudden variation of the cell transmembrane potential) which, following preferential conduction pathways, propagates throughout the heart walls and triggers the contraction of the heart chambers. The action potential propagation can be mathematically described by coupling a model for the ionic currents, flowing through the membrane of a single cell, with a macroscopical model that describes the propagation of the electrical signal in the cardiac tissue. The most accurate model available in the literature for the description of the macroscopic propagation in the muscle is the Bidomain model, a degenerate parabolic system composed of two nonlinear partial differential equations for the intracellular and extracellular potential. In this paper, we present an introduction to the fundamental aspects of mathematical modeling and numerical simulation in cardiac electrophysiology.
Introduction
Cardiac-specific diseases account for 700,000 deaths each year in Europe, half of this mortality being due to heart failure (ineffective contraction, principally due to ventricular dyssynchrony). The other half of cardiac mortality occurs suddenly, essentially due to ventricular tachyarrhythmias. Although the vast majority of these cases is associated with chronic cardiac disease, sudden cardiac death can also occur in seemingly healthy and sometimes very young people. Knowledge about the underlying causes and options for diagnosis and prevention is still very limited. Still, Luca Gerardo-Giorda BCAM -Basque Center for Applied Mathematics, Alameda Mazarredo 14, 48009 Bilbao, Spain e-mail: lgerardo@bcamath.org
